The prognostic value of repeat transurethral resection of bladder tumor (TURBT) in patients with diagnosed high-risk, non-muscle-invasive bladder cancer (NMIBC) was investigated. We retrospectively reviewed the medical records of patients treated from October 2004 to December 2013 at Seoul National University who underwent repeated TURBT within 2-6 weeks after an initial resection. The study enrolled patients who had been diagnosed with NMIBC at both the initial and repeat TURBT; patients with muscle-invasive tumors on repeat TURBT were excluded. We used stepwise multivariate Cox regression models stratified by study to assess the independent effects of the predictive factors and estimated hazard ratios (HRs) from the Cox models. We investigated a total of 198 patients who were diagnosed with high-risk NMIBC. In logistic regression analyses, number of bladder tumors (2-7: OR, 2.319; 8 : OR, 3.353; p<0.05), initially high tumor grade (OR, 2.435; p = 0.040), and presence of carcinoma in situ lesion (OR, 3.639; p = 0.017) correlated with residual tumor in the repeated-TURBT specimen. T1 stage in repeated-TURBT significantly correlated with recurrence (HR, 1.837; p = 0.010) and progression (HR, 2.806; p = 0.029) in multivariate analysis. The high grades of tumors in repeated-TURBT also significantly correlated with progression but not recurrence in the multivariate analysis (HR 2.152; p = 0.008). In this study, the pathologic findings in repeated-TURBT correlated with recurrence and progression in high-risk NMIBC. Repeated-TURBT is valuable because it can predict the recurrence and progression of high-risk NMIBC in addition to obtaining accurate pathologic findings.
Introduction
Approximately 80% of all newly diagnosed bladder cancers are non-muscle-invasive bladder cancer (NMIBCs) [1] . Transurethral resection of bladder tumor (TURBT) is the first-line treatment for NMIBC [2] . However, even in patients who have their bladder tumor completely a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 removed with TURBT, up to 50% of these will have a recurrence of the cancer within 12 months.
The accurate diagnosis, staging, and subsequent prognostication of bladder cancer are achieved by TURBT, and repeated TURBT (re-TURBT) may change treatment strategy in high-risk NMIBC; this includes visibly recurring or residual tumors and muscular tissues around the initial TURBT scar, which can require random biopsy. When a muscle-infiltrating tumor is detected and upstaged at the re-TURBT, cystectomy or one of the bladder preservation protocols should be considered [3] .
The benefit of re-TURBT is that it avoids staging errors as well as complete resection of residual tumor; in this sense, the re-TURBT may guide the surgeon toward a more appropriate therapeutic decision, which could potentially impact the prognosis and the curative rate of the technique [4] . A number of studies have presented that the rate of re-TURBT upstaging from T1 to T2 ranges from 0 to 28%, but one series found the rate to be up to 49% [5] [6] [7] [8] [9] [10] . European Association of Urology (EAU) guidelines recommend that a repeat transurethral resection be performed within 2-6 weeks in patients with high-risk disease and in those with large or multiple tumors or with incomplete initial transurethral resections [3] .
A number of studies have investigated the clinical value of re-TURBT, and most have focused on upstaging to muscle invasion bladder cancer or the benefits of restaging TURBT; however, few studies have investigated the meaning of re-TURBT pathology findings for patients with NMIBC. Thus, the objective of this study was to determine re-TURBT pathology as a prognosis risk factor in patients with a diagnosis of NMIBC.
Materials and methods
The Institutional Review Board of Seoul National University Hospital approved this study (H-1611-096-809). Because we retrospectively performed our investigation, the IRB waived the need for informed consent documents from our patients. Patient information was anonymized and de-identified before we carried out the study, and we carried out all study procedures in accordance with the Declaration of Helsinki guidelines.
We retrospectively evaluated data collected from patients who underwent initial TURBT and re-TURBT between October 2004 and December 2013 at a single institution. All visual tumor findings were recorded on operation record sheets by the surgeon immediately after each operation, including tumor size, number, appearance, and location. Then, based on the EAU guideline, the finding of initial TURBT was indicated as re-TURBT, re-TURBT performed within 2-6 weeks after initial resection. At the re-TURBT, the bladder was reassessed to detect any residual tumors or missed lesions, and the previously resected sites and the peripheral areas around them were resected during the re-TURBT. All of the post-TURBT pathologic findings are reported using the 2004 World Health Organization (WHO) classifications. All histologic slides were reviewed by our pathologist, and we changed the previous recordings that used the 1973 WHO grade classifications (G1/G2/G3) to use the 2004 classifications (low grade/high grade).
In this study, we only analyzed patients who had been diagnosed with NMIBC at both the initial TURBT and the re-TURBT; therefore, we did not include patients who showed muscleinvasive tumors in re-TURBT. We also did not include patients for whom the surgeon documented ''incomplete resection" or felt that biopsy alone was adequate after re-TURBT.
The point of our study was to evaluate the correlations between pathologic re-TURBT findings and recurrence or progression of high-risk NMIBC; we defined recurrence as detection and development of bladder cancer with any stage regardless of grade and progression as worsening of T stage to T2 during follow-up.
We used multivariate logistic regression analysis to assess the different risk factors for presence of residual tumors. Specifically, we used multivariable Cox regression analyses to calculate the hazard ratios for disease recurrence and progression, and we calculated the recurrence-free survival (RFS) and progression-free survival (PFS) curves using the Kaplan-Meier method and compared them with the log rank test. We analyzed the data using Statistical Package for Social Sciences, version 21.0 (SPSS, Chicago, IL, USA), obtaining the analytic statistics using the chisquare test or Fisher's exact test; the differences were significant if P < 0.05.
Result

Study sample
A total of 206 patients were diagnosed with NMIBC after re-TURBT during the study period. We excluded eight patients we felt had had incomplete resections and/or biopsies only, leaving 198 patients who were suitable for analysis. Patient demographics and tumor characteristics are described in Table 1 .
Residual tumors in re-TURBT
Of the 198 patients who had been treated with re-TURBT, we found residual tumors in 107 (54.0%) of them. There were significant differences in baseline characteristics between the no residual tumor group and the residual tumor group concerning tumor grade, multiplicity and concomitant CIS (Table 2 ). Among these, the positive residual tumor rates were 63.1% (24/38) among the patients who had been diagnosed with initial TURBT stage Ta (or CIS) and 50.9% (85/167) among the patients who were initially diagnosed at T1 stage. Meanwhile, the positive rate among the low-graded patients was 33.3% (9/27), and that among the high-graded patients was 60.9% (99/161). In multivariate logistic regression analysis, number of bladder tumors (2-7: odds ratio [OR], 2.319; 7<: OR, 3.353; p<0.05), high tumor grade (OR, 2.435; p = 0.040), and presence of carcinoma in situ (CIS) lesion (OR, 3.639; p = 0.017) were revealed as independent risk factors for residual tumor in re-TURBT (Table 3) . However, other pathologic findings including muscle included were not significant predictors of residual tumors.
Recurrence
A total of 103 patients showed tumor recurrence during follow-up. Univariate analysis revealed tumor number, lymphovascular invasion (LVI), residual tumor in re-TURBT, high grade in re-TURBT, and T1 stage in re-TURBT as significant predictive determinants of recurrence (Table 4 ); in addition, intravesical treatment was correlated with lower disease recurrence. Number of tumors (2-7; HR 2.047 p = 0.001, >7; HR 2.669 p = 0.001), LVI (HR 3.078 p = 0.017), residual tumors in re-TURBT (HR 1.786 p = 0.017), and T1 stage in re-TURBT (HR 1.837 p = 0.010) remained significant predictors of recurrence in multivariate analysis. Patients at stage T1 in re-TURBT showed a two-year recurrence-free survival rate of 26.1%, whereas patients in other stages had a rate of 56.0% (p<0.001; Fig 1) . In addition, high grades in re-TURBT pathology also have lower RFS than do lower grades by Kaplan-Meier analysis (two-year, 32.0% vs 56.9%, p<0.001).
Progression
During follow-up, a total of 19 patients developed disease progression, all of whom had highgrade T1 tumors at the initial resection. Ten patients had high-grade T1 tumor after re-TURBT, and five had concomitant CIS after initial and re-TURBT. Eight patients received radical cystectomy, but 11 patients denied it or any further treatment. Among the patients who refused further treatment, six died during follow-up, and others did not visit our department; otherwise, all patients who received radical cystectomy in this analysis survived during our follow-up. Multivariate analysis revealed that stage T1 (HR 2.806 p = 0.029), high grade in re-TURBT (HR 2.152 p = 0.08), and age (HR 1.068 p = 0.014) were significant predictors of disease progression (Table 5 ). For patients who showed stage T1 in re-TURBT, the progressionfree survival rate at two years was 76.8%, whereas the value for the patients in the other stages in re-TURBT was 94.4% (p = 0.004) (Fig 2) . In addition, patients with high re-TURBT grades also had lower PFS than did patients with other grades in re-TURBT pathology based on Kaplan-Meier analysis (two-year, 82.5% vs 94.5%, p = 0.008).
Intravesical treatment
For patients who showed residual tumor on re-TURBT (107 patients), 47.9% patients were received intravesical instillation treatment. Overall 2-year recurrence-free survival (RFS) rates in the no treatment group were poor compared to those in the intravesical treatment group (41.7% vs 31.5%, p = 0.009) (Fig 3B) . However no residual tumor on re-TURBT patients (91 patients), 47.3% patients were received intravesical instillation treatment. Overall 2-year recurrence-free survival (RFS) rates in the no treatment group were relative poor compared to those in the intravesical treatment group but it was not statistically significant (57.5% vs 69.6%, p = 0.328) (Fig 3A) .
Discussion
Whereas most re-TURBT studies have focused on upgrading to muscle-invasive cancer, few have analyzed the clinical meaning of the pathologic findings of re-TURBT in high-risk NMIBC patients. For this reason, we wanted to understand the correlations between re-TURBT pathology and recurrence and prognosis in these patients.
The initial step in managing bladder cancer is complete resection of the transurethral bladder tumor. Some reports have found that the rates of residual bladder tumors perceived in reTURBTs range from 33% to 76% [11] , and our study showed a similar rate of residual tumors. A previous study reported that the factors that affected residual tumors in re-TURBT are tumor stage, grade, and size and interval between two TURBTs [12] . Among these, tumor size and stage did not significantly predict residual tumors in our study; however, multiplicity of tumors and concomitant CIS lesions were revealed as predictors of residual tumors. Herr et al. published the largest repeat TURBT series, summarizing unpublished data on routine repeat TUR and including 1,312 patients with NMIBC [13] . They found residual disease in 51%-78% of patients, with the highest rate in the group with T1 disease at initial TUR. The natural history of the residual tumors after TURBT is not yet clear. However, a few studies have reported that the presence of residual tumors is a potential risk factor for disease recurrence and poor prognosis [6, 10, 14, 15] . Our study also showed that residual tumor findings after re-TURBT were associated with disease recurrence, although our results did not reach statistical significance for disease progression.
Grims et al. demonstrated that tumor stage and grade at initial TURBT predicted residual tumor after re-TUR in their univariate analysis [10] , but our multivariate analysis results differ somewhat. Tumor multiplicity and grade and concomitant CIS were revealed as risk factors for residual tumors after re-TURBT in our study, but initial T stage was not a significant predictor of these residual tumors. This difference may be because most of the patients who underwent re-TURBT in this study were at the initial T1 stage.
It was notable that the presence of residual tumors on re-TURBT was associated with higher risks of tumor recurrence compared with patients who had no tumors on re-TURBT. Similar results were reported in a previous study in which tumor-free status at re-TURBT was associated with fewer tumor recurrences and longer times to recurrence [16] . A retrospective study also reported that 83% of patients with residual tumors on re-TURBT developed recurrence compared with 39% of patients at stage T0 [17] .
Few studies have analyzed re-TURBT pathology findings as prognosis risk factors; as mentioned above, most studies on re-TURBT in bladder cancer have focused on the stage migration and presence of the residual tumors. In this study, both the tumor pathology and the residual tumor status after re-TURBT were also associated with recurrence; in univariate analysis, stage T1 and high tumor grade in re-TURBT were significantly associated with residual tumor recurrence, and stage T1 in re-TURBT was still statistically significant in multivariate analysis.
Herr et al. reported in their retrospective study that among 710 patients with bladder cancer, including 352 with pT1 tumors, 76% with residual pT1 tumors on restaging TUR progressed to muscle invasion, versus 14% who had no tumor or noninvasive (Ta, CIS) tumors [13] . Moreover, most patients with a persistent T1 tumor on second TUR eventually developed worse disease, even if they responded initially to BCG therapy. Thus, Herr suggested that residual invasive carcinoma (T1) on restaging TURBT might help to identify patients who need immediate radical cystectomy [9, 13] . Our findings are also in line with the results of previous studies. Of 161 patients with initial stage T1, 34 patients had residual T1 tumor, and of these, 27 (79.4%) showed recurrence during follow-up, and eight (23.5%) showed progression above T2.
Our patient population, however, had relatively few patients diagnosed with initial to residual T1 tumors compared with other studies, possibly because in this study, we excluded all incomplete resection patients at the initial TURBT and patients with visible residual tumors on re-TURBT; thus, our proportions of residual T1 may have been low compared with other studies. Nevertheless, in our multivariate analyses, residual stage T1 was a significant factor in disease recurrence and progression. These results agree with Herr et al.'s suggestion of immediate radical cystectomy for T1 patients after re-TURBT.
LVI, the presence of tumor cells in lymphatic vessels and vascular walls, is emerging as a prognostic factor for bladder cancer [18] . Although many studies showed no reliable prognostic value of LVI regarding recurrence and progression outcomes, the results of larger studies show that LVI might be a promising prognostic marker [18] . In the largest multicenter series, which comprised 1,136 patients with high-grade T1 disease treated with radical cystectomy, Fritsche et al. reported that LVI was significantly associated with disease recurrence and overall survival [19] . Furthermore, Kim et al. demonstrated in a meta-analysis that included data from more than 3,900 patients that LVI in TURBT specimens was associated with RFS and PFS in patients with NMIBC [20] . In our study, LVI in initial TURBT specimens was also significantly associated with disease recurrence in univariate and multivariate analyses, as in previous reports. It was also associated with progression in univariate analysis, but the findings were not significant in multivariate analysis.
The fact that local tumor control and accurate tumor staging depend on a complete TUR and reevaluation of the tumor base suggests that a restaging TURBT may be of value in assessing patients with bladder tumors [21, 22] . Re-TURBT reduces the uncertainty of the depth of tumor invasion, better controls the primary tumor, and provides additional pathologic information that may help to select appropriate treatment. In addition, the pathologic findings of re-TURBT itself are also meaningful in predicting the associated disease prognosis, such as recurrence, in NMIBC patients.
There were some limitations to our study. First, we did not include stage T2 among the re-TUR patients in this study, and it could have been meaningful to learn the prognoses of patients who had been diagnosed with NMIBC even after re-TURBT. However, excluding stage T2 patients may have affected our analysis of disease progression risk factors. Second, our study was limited by its retrospective design. Nevertheless, it is meaningful in that we had the largest proportion of patients with NMIBC after re-TURBT compared with other studies excluding Herr. However, there were few prospective studies about re-TURBT findings, and thus, a prospective study design with a larger sample is needed to confirm our presented results.
Conclusion
In this study, tumor multiplicity, high tumor grade, and concomitant CIS were revealed to be independent risk factors for residual tumor after TURBT. In re-TURBT pathology, T stage is an independent predictor of NMIBC recurrence and progression, and high tumor grade in re-TURBT pathology was also an independent predictor of progression. From the results of previous reports as well as our own experience, re-TURBT is recommended to reduce the chance of residual tumor and to more accurately predict the prognosis in high-risk NMIBC .   Fig 3. (A) Kaplan-Meier curves of progression-free survival (RFS) in patients with intravesical treatment patients (green) and no treatment patients (blue) in no residual tumor group after repeated transurethral resection of bladder tumor (re-TURBT). Two-year PFS was 69.6% and 57.5%, respectively, for the different treatment categories (p = 0.328). (B) Kaplan-Meier curves of PFS in patients with intravesical treatment patients (green) and no treatment patients (blue) in residual tumor group after re-TURBT. Two-year RFS was 41.7% and 31.5%, respectively, for the different treatment categories (p = 0.008).
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